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                    Abstract
A comparative study between two visco-plastic sea-ice models is presented. The two models are (i) the standard visco-plastic (SVP) approach with an elliptical yield curve and a normal flow rule and (ii) a granular material (GRAM) approach with a Mohr-Coulomb yield curve and a double-sliding deformation law with dilatancy included. Various numerical experiments in simple domains and forced with uniform winds are presented to illustrate the behaviour of each model and clearly see the influence of the ice interaction term on the flow field. The results highlight some irregularities with the SVP model, and with the GRAM approach when dilatation effects are not considered. In particular, simulated velocity fields from the SVP model in the presence of large thickness or concentration gradient, are sometimes not realistic; in the standard GRAM approach (without dilatation), the shear resistance of the material tend to be too low and the mobility of the pack ice too large. When dilatation effects are included, the internal ice pressure and shear viscosity increase and the simulated velocity fields are more realistic than the one obtained from the SVP model. The main difference between the two approaches (more important than the choice of yield curve or flow rule) lies in the way the internal ice pressure is calculated. In the SVP model, the internal ice pressure is specified independently of the sea ice deformation field (as a function of ice thickness and concentration), as opposed to the the GRAM approach where the specification of the ice pressure follows naturally from the double-sliding deformation law and does not depend on parameterization. In general, irregularities associated with the SVP model are subtle and do not prevent realistic simulations of the large scale sea-ice characteristics. However, the physical basis of the GRAM approach is considered more sound and therefore provides a better starting point for further model development. Whether drift pattern and ice thickness/concentration characteristics are sensitive to such details of the rheology remains to be determined.
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